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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an appropriate 
impurity concentration in a high- concentration region, 
by attaching a layer containing an impurity atom or 
molecule, then attaching an atom or molecule restraining 
outward diffusion and volatilization of the impurity in the 
same atmosphere, and then carrying out thermal 
diffusion. 

SOLUTION: After installing a silicon substrate in a 
chamber of an atmospheric pressure and sufficiently 
carrying out purging with nitrogen, the atmosphere inside 
the chamber is replaced by hydrogen. After heating the 
wafer up to a temperature T1 in the hydrogen 
atmosphere and removing a native oxide on the surface 
for a time period t1, the temperature is lowered to a 
phosphorus adsorption temperature T2. After causing a 
hydrogen-diluted PH3 gas to flow to adsorb an impurity 
layer for a time period t2 from the time point when the 
phosphorus adsorption temperature T2 is reached, the 
gas is switched to N20 to oxidize the impurity adsorbing 

layer for a time period t3. After that, the temperature is raised again to a temperature T3 to 
diffuse phosphorus into silicon. The temperature T3 is set between the temperature T1 and the 
phosphorus adsorption temperature T2. 




LEGAL STATUS 

[Date of request for examination] 08.10.2002 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 



http://www1 9.ipdl.ncipi.go jp/PAl /resuIt/detail/main/wAAA8vaGpWDA41 1 204450... 2004/1 2/27 



Page Blank (usptoj 



(\3>B*mmfff (jp) »2> & in Sl= ^ ^ (A) {wimam&mm 

JNpW^jzii -204450 

(43)4iiBH 3pfi6ll^(1999)7^3O0 

(51)Inta.' MtS>fi3# FI 

HOIL 21/225 HOIL 21/225 M 

27/108 27/10 6 2 1 C 

21/8242 





KiPPlO-1321 




000005108 












sRSsl(Mp(1998)1^7H 












mm 
























mm :*M 








«]^I^MK#$3 -11-13 








#s± t^m mm 



(54} ism<oii$a i¥m»mi^i:tf^<oiB&m 



(57) imm 



Bl 

t1 t2 t3 t4 




time 



(2) 



i^^Tl 1-204450 



)«-r* «ri#-p t> COT-*) tzt imsLt-nmim i 

cOffil-kifeH*^ P203, P205. PBr3. PC 13 

£0^^^!fe^*»\ B203. BBr3. BC13TJ>&i 
JtSaSf^ fcMO Sffib9>'5''^:>'3&»^>=Sr«.;<^ U^a 

in^r^i 2 3 ±M^fmmi)<i<miftmT^^tt 

[00013 



[00023 

Jt^fcP H 3;*-^&SS[ LT U VSrffiiicS-titMISKO. 'J 
>-rnyT^A'imLX\^&. v>-f^<oiaS(cfcv^Tt> 
'jytoe— ^'iagJSl 0<7)2 0«/cin3lJlTT-J>0, 

L.Tvi5:v». e-^'ilS«{iPH3#x<7)»ff^±tf&c: 
ktCi-?Tlffilirr'S.*^ 1 Oi02 0«/cin3J3UiiiT 

3-^;^3>'7r^v>^ • sfy • y 'j j'K • ;^T>-h • r 

A^-feX - TVK • '^T'Ur/l'Xl 9 9 7^PP. 11 
0—111 (Extended Abstract of the 1997 Internat 
ional Conferoice in Solid State Devices and Materi 
als, pp. 110-111) (C:3ig'<.^>ixTV^S. 
[0 0033 ^i^izmcom^t:B2H6ffXi:iimM 

•r^.. 01 9(i^a^+ri^'j=i>'^®coe^^ft;iiSr 

^ t ;t ^ B 2 H 6 ;«r X ^ t T jKo ^ Jirit $ -tt ^: 
-^'iftetil 0(?)2 0^cm3feU:-C3iO. i'UnV' 

r^'f H • 7^i^'>7^'X • W:?— X. 56. pp.1 
334 — 1335. 1990:^( Applied Physics Lett 
ers. 56. pp. 1334-1335. (1990)) iZi^htLX\.-i 
S. 

[00043 

fl:t v» a Sclc-CJi. ±ie'J >-J£lfeO{5iI<7)J: ^ (c i o 0 0 

[00053 

tc. IBi-5?ffl$^4'T'^«!fij<7)i'J-^r«:fi^56^«J©I-r5 
^^t>i>^^ii^t:^tsfSi:H^^-^mz. R-I?H 



(3) 



1-204450 



[0006J 

mm<omm<r>mm]mnm^i. 2, 3. 5. 6 
^ u xSMmmr 2 tX'T^ftz. c: citt i na o o*c 

*>/?>10 00'C, T2(±5 0 0X:*>f>6 0 0°C-CJ>&. 
ia^T2(i^ro/iBt^*»4.B§Ht 2<;olSIl%*#^ 
c7)PH3;irx$:»^i-l OOSUUvh/PggL. ^iRjIB 
i:mm^-ttz^. Xr^5rN2Otc«J0#;c.. 8#St 3cO 
Pa^«1USi«®S:BHt;L:^. N 2 O;{fx<0s![*{±ft»- 
1 00 5'JU«y h^Wr^S. i.rTN2O<Otti5 0fcO 

l^tX^aSSr T 3 1 -C±#S U >- Sr U n y +tct£tfc L 
c:3:tt3{±ti tT2cDS<?D>ajg*<Sv^. mm^ 

[0 0 0 73 Z(7>ya-\iXVVyi:mt$^tdm(r>>-0 

3 ^-^fficDS^asrs 3 . p H 3 co-»m^m-c 

S).SP. PH, PH2^rt'{iSSl(c?iML. '>>Ja>' 

t^t>r--)i'i-h :LkX'^mm.<t^mt zkti^X'^ti. 

^:*J, C:<?)S€-ft;Ji3 5:^^i-S7ti6fcBr, C 1 ^rf 

-5-«0'fi:-^co^mff ftisrft ^ . u :^<o^^i± e o o 

X:i}>£> 10 0 0-CSK<50j£gJtiaKT{i^^«l:®V^yii^. 

MzMW^-thTmim^^. —IfP 203, PBrS^r 
f'^k^'JS^ffli 5 0 ortUi-CJi 'J :^co|gmffiJ: 

>t . U >'<D 'J 3 >'^H'v«08a^i&*-na 5 IzX tLii 

mma 5 5 ox:-cm±k ^ 0 . ^-txeuiojagT^ii 

m^lzX-oXtRMmifimr>X\,'>?>ZkifiJbi)^?>. Z<7M 
* i ►? y ^©JSiajST 2 ti 5 5 or t -r S t *«iSi6« 

[0 0 08] 06<if§^:igi, 2. 3. 5. 6tCie^L 

m^iri:miiz7ikLt:mmmtmmizL. uv©^. sr 



ifiX^ ^tzib, Sx- y r? >1«»*®Clftf P H 3 ?:fl^*&L 
T y y&Mm^m^-th ZkX^^t:, 
[00 09] ESJi^^U 2. 4, 7, StcHSL 

fi^mo^co-m^mxt} *) . yH.m!m%x'B 2\isi}x 

iHmMk L,T>'yay(c^a>'SrlS:i[$-tt)t^cora 

WN'l^jSr^S-ramL/i. *5g<Oc£a{lft5i-5 0 y -y b 
;PT-aiS. *^SH^r'>xyNS:iaSTl4t:-Jlg«tLT 

i^t icos*iiiicoaj!Si§^mig«-Ki*ufcatsie^# 

OV®«-a«T2^TTtf3t, i.rTTlH8 0 0X;*> 
^>10 00'C, T2{±5 0 0'C*»fe80 0'C-ri)l.. li 
JK*tT2t^r-p;t^^*»^.^^t 2<7)iaO. l%7k3R# 
f?c7)B2H6;<rxS:«^J-l 005 yy-yf/USLL, ^ 
^%[)iS:«l^$-ti-^:^« ^xSrN2O{=4ffl0#;t« ^Ht 
3<m^Pmmmt:^^ht::. Il20ifx<r>^mi 

ftij- 1 0 0 s y y y b/VT'AS , ^: ^ifN 2 o<r>Wb •) 

4:02-^03, J>i.\,^J±B r-<^C 1 &fflv^-Ct.J:V\ -f- 
comBU^iSJ^t: T 3 ^ TJi#$-ti::i?n y y 3 V*^ 
tS^^Lfz. iiTT3(±Tli:T2<7)ScoaiK#mv 

^?6Sra9tC:^-r. ZZX-Tl\t9 0 0'C^ T2J46 0 
O-C. TSJiSOO'C. tl(455i-. t2«304i-. t 

iSSJil 0C02 2*/cm3J3Lli-Cife'). 
[00 10] <lf5rD-fe>tTM?nyi&tfi;iJtS-^BS<Ov' 

yni^^ffio^ieasiai ot:5^-f. B2H6<?>«-fff^ 

JS::»T*>'&B. BH, BH2. B H3^if{iS:K4(CfJ 

mL. i'y3>'^Hfc:«m«5*m-r*. 

--)Vi:^-^X i:,mm'^'^t,z^VfJi&fScthZU±^£< , 

i^y^i^^Etse-f-s. -ecoitesS^ ^«ttid<oy*« 
t=e^fBrfgtt*^*s. ^zx'Z(7itsMm^z\i2o^j:}^ 

r. c l^ri^i«^&UTt.R«^r^as*«^l^><^^.. 01 

i\titiuyiiXxf^(r>^-^i^(msi&miX'hh, Tt(u 
y<r^iS.\±e 0 ox:*>fe 100 o*cs«<7)«:lKa«T' 
«^f«»=ffiv%fc*. mi ot=^L7t«iss5ii£^y3>' 

O2^BrS-«*&i-SC:fC#oyj:0tgl^<0 



(4) 



[00 1 1] 131 2*»^>1 5liit^9 tiiV lot* 

SJB^* 1 0 $r»« LJt. CintiWa*^ cOTI»«® i =5: 
StfOTfc*. ^faHi^Uav+coUl^iSKtilA'tt-S 
1 0O2 0m/cm3*»*>2*»{tSl 0^2 0^cm 

k 0 1 3 K^i^ J: 0 1 1 

■^tlk. r^-;l'iaS{±6 0 0*C*>/5>8 0 0*C. JE:>J{± 
1 o<;o-7-f -^;^6^^•;<.*;^A>^> i o/'?^*;l'gffiTif> 

li^NAKi^ y nv^f coy L^:^r^JtJ6, y >- 

«Kttl 0<020ft/cin3Ja"FCib6. ^««*S^ 

fci^yavSK^iSSt, §lg{cJ:5M-i^^3t^fi=-o 
5 0 y -x h;UTfcS . ^rk^^H^v-OxyNt- 9 0 

^ y ^©ifiasco 5 5 0 x; ^ -cw . ^coa 1 5 ^i-ra 

*3Ri:l^t=l%*fg^!ROPH3#;^Sr»^l 0 0 S y 

im^Liii. O 2 jyxtf5aSfi»±l5^ 1 0 S y y y h/P 
■Chh. -g-comSy^aSi&SOO-Ct-Ci^SHiry >-Sr 

^na y 3 tcjsss: Ltz , ^o^sfe^^+co y >- 

mSSr 2*^(tS 1 0 C02 O^/c m3gmc-ri.i 
T^Jt. ^SriS, C:<?«!!lll«±lfa®i'y3ySffi('^^« 

v^. i-^i)^. i^a^y vF-ri^y^yi'fe^SiS 
i^±SP«lE 1 3 y y K-r^»fax y a ySrJta 

^SM^f^m^SLl^ti, HI 5tt*^BBt^«&*-r 

l^T^ti^l^aSfcSaUgcoy^'SrSfcltUitCtT, fi! 
*«01. 3fS<^»e*«flfeiut. 
[00 123 01 6«i9^ 1 1 \,z^Lii.i^mi<r>—m 

;<^y3ETT'ftS. 01 5t:*U;tJ:^tc*f|BB^::i'? 



!|^^T1 1-204450 

[0013101 7ttlS*fl 1 2 tC5^L3t*5ffiB-^ 

TfcS. 3|s:|lit0i(l*?6HHi&iy6L!t>-y3y^«cm 
aiHl8&&. ^it^iji»[5r«ia^S ra-fe -yif 5 0 0*^^ 

^I^MTti. *^B3S:«£Uc»j$vy3VH^ 

ro-fe -/-y- 5 0 0^. i^xT^Aiawiis 5 o i 

mW.502^m^ 0~3 0mm<7)i^y3>'^ 

#1*:^ >y -TX-mWiX'tf t: . ^eit^H 5 0 2 <7iMz\m 

i<Xio#^SIlC$rMa-r-Sro-fc>y»?-5 0 0fc. 
j^XT^AJiJfflaigS 0 Ik. ^t-&-%^fl£mSlHl88*»^» 
«S-r-^'ii^-<>':?-7 X •< X 5 0 3 fe5 S V 

^j'^soetcii^L/;. t/i, "f-rMm^ys-y 

5"/^'«ffi5 0 7C||||L3t. C:n/^-b7S-/^'S«5 
0 6ifeW:5 0 7fc. ±m'^m.S0 2^^Lti^=y 

5 0 8SrjeB&L3">:. iOt^J^yaM^- y b 5 OSrtT'- 

J±x-^'jl^'f :^:}'-7i>f 03kAiiJ:>jro-fe>y 
H?-5 0 5 S:l^tJtSS5 0 9 t (7)|31<75-f-^jifi}i. 

•fe -y I?- 5 0 0 •«?>>'X7^ WilS 5 0 1 •^jElBlg^g 5 
0 2 5: y 3 y^S«c^llIiB*»*M^I(c]S3[ -CiSf^ 

(c, l&'HS»3<Oi^^«ra0a£:;M@fc:tatotSCkA« 

[00 14] 

3£lJitOlS>ftR««t*}»tS^9!jaScO«ilfllHt«:|6l± 
[0iS(OfBm^l%B»l 

[01 1 ^^m<^m-ffymmi^rrrQ-^x:}^-i 
[04 ] :^^ff)m-<omimi^-rmKim. 

[06 1 *ffflB<Ol|-<^)||its0!|=&*i^a4:;^^^ Af- 
-fr— h. 

[071 2[s:5KB<^)||-<0ieSfifia|S*-r^%ro7 t 
[081 3<s5|BB<OJg=«05l]temS^t^n-fe;^^'^A-?- 



(5) 



i^ra^l 1-204450 



m. 

[01 3] 3|s5&Ba<omEg<5DllttM5r^-tS»ST«OlIit 

[014] :*:^m<ot&mcomsmi:^-t^sm=f<oim 

[015] *f6W<?5mEe?)ia«MSr^?gg3R^<O^S 

[016] ^^m(7)m^ff)mtmi:m'rM'evmT<om 



[01 7] *l6Bgcomy^cr)||ifeei>l5-^-r:»cSH-»«. 
[018] mimi^M-T^m^ro yr-ffV. 



[019] fi!*<?!^^^^!|ar O 7 T ^l'. 

1 • • ^f*:^. 2 • • y >'>F«$!|^»R«l. 3 • • ^ 

^•ffcB, 4 • • ^^ti^msL. 5 • • ^^ay^f^mmm 
m. 6 ■ ■ ^mm, 1 0 ■ • #ifeSv'U3y*^^>fig6 
sajg^Tgpmfii^ 1 1 • ■ ^fi^ttieaa. 1 2 • • ^ 

«3l^*e»R. 13- •^*gJ|i^U3y*»4.^*SS3g 
^±g5SSi. 14 • - b'-y hMl. 1 5 • • V-m. 1 
6 • • §4^^, 1 7 • • y— X h'U-f 5 0 0- ■ 

ro-fey*f. 50 1 • • i^Unv^ftcmSHiS*"?.^ 
^'yXr-l-mWSS:. 50 2- • i^Unv^liSfli^SIll 

B*-i?>j£*±iEi^SB. 50 3 • -it^^mimmm 

K*»^>^^T— r^aim^V^^x-fX. 504- -T— 
■^'M^SJffllJIS. 50 5- • Affi^jra-fe-y-r, 50 6 
■ --fe^S y^'^, 507- •■fe95-y^'«R. 50 
8 • • ttJj^5!^p.ri-y 5 0 9- • Ait^rn-b-y^- 
L 5 10- - T-^'iHtffl5fc7r^A*. 



[01] 



[02] 




zoo 400 600 
Tgnperalurs CC) 



[03] 
B3 



A A i 

H m HH P 



SI Si 81 SI a SI 
^ ^sT V ^sK ^sT ^ 

si' V WW 



(6) 



^m^l 1-2044 50 



[06] 
ae 



[07] 



1131 



11 3 




Ti:«wnijHi; E 

— ,5CU 



10' 




10 



y-TT 



II 1] 



II I 























BBr3. 










































1 























100 1000 

Temperature 



10000 



Oopino Aw 8inii« iSfflin 




10 



f 



10« 
10" 
10» 





aiua 


UD3K 


X \ 




SB 


— NrVr- 














• 

v 








V ! 




50 



150 



(nm> 




[HI 0] 



QDI 0 



O 



H B H 

SI SI a SI Si a 

"VsT VV Vsi 
8.^ V V V V V ' 



20 40 GO 

[)apih(nm) 



IjO 




<7) 

imis] [017] 



Die B 1 7 




Depth (nm) 



This Page Blank (uspto) 



